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AETICLE II. 

THE CHRONOLOGICAL DISTRIBUTION OF THE ELASMOBRANCHS. 

BY O. P. HAY. 
Bead October 10, 1900. 



In Science, Vol. x, 1899, p. 683, the writer published a diagram which was designed 
to represent graphically the chronological distribution of the fossil fishes of North 
America. Since then it has appeared that a further analysis of the subject is desir- 
able ; and this, so far as it pertains to the Elasmobranchii, is here attempted. In the 
former presentation the Permian period was not separated from that of the Coal-meas- 
ures ; nor were the Mesozoic and Cenozoic ages resolved into their constituent periods. 
This is here done in a new diagram. Furthermore, the distribution of the fossil Elas- 
mobrancbs of Europe is displayed, as well as that of those of North America, the dis- 
tribution of the former by means of the continuous, that of the latter by the beaded 
line. From the estimates and statements here given the " ichthyodorulites " have been 
excluded, although on account of Onchus the lines have been made to begin with the Upper 
Silurian. The numbers accompanying the lines show the number of species known to 
exist at the times indicated. It may be explained further that the upright lines, and 
not the spaces, represent the periods of time. For the data appertaining to the Euro- 
pean genera and species discussed in this paper, I am indebted especially to Mr. A. S. 
Woodward's Catalogue of the Fossil Fishes ; and this work has also furnished me assist- 
ance on the American forms. 

An examination of the diagram shows that during the Palaeozoic era North 
America possessed a greater number of species than did Europe ; while, ever since the 
Permian period, Europe has considerably surpassed North America. In both North 
America and Europe the culmination of the class was attained during the Subcarbonif- 
erous period ; in both there was a rapid decline in genera and species during the time 
of the Coal-measures. This, as regards America, was shown in the earlier published 
diagram, but the latter obscured one fact which is here strongly brought out, namely, the 
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apparently almost complete extinction of the Elasmobranchs during the Permian period. 
Only about ten species have, so far, been reported from North America, and it is possi- 
ble that there were even fewer, since the reference of certain deposits in Eastern Illinois 
to the Permian is perhaps questionable. In Europe about twenty species have been 
described, the majority of them by Fritsch, within recent years. 
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Diagram illustrating distribution of fossil Blasmooranclis, 

It is further seen from the diagram that at once after the beginning of the Triassic 
period the number of species of Elasmobranchs rose rapidly in Europe, while in North 
America the number apparently even diminished ; since only about three species are 
known to have existed during the time of the laying down of the Jura-Trias. Doubtless 
this apparent dearth of species is, partly at least, due to the scant development of Trias- 
sic and Jurassic rocks in our country. 

It might be supposed that in both North America and Europe the conditions dur- 
ing the Permian had been unfavorable for the existence of the genera and species of Elas- 
mobranchs which had flourished in such numbers during the Subcarboniferous ; that 
accordingly they had been driven to some other quarter of the globe ; and that it 
would be found that in some of the Mesozoic periods they had returned to the shores 
occupied by their Palaeozoic ancestors. On this point two things are to be noted : First, 
we get little or no light on the problem from Permian and early Triassic deposits in other 
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regions ; second, we can hardly expect that the same species would return after the lapse 
of so long a period. As a' matter of fact, no species that existed during the Palaeozoic is 
known from any post-palaeozoic formation. 

In order to illustrate more clearly the chronological distribution of the Elasmo- 
branchs of the world, I have prepared the accompanying table, which shows the genera 
that existed during each geological period. As in the case of the diagram, the ichthyo- 
dorulites have been excluded ; likewise a few unimportant genera, mostly such as 
existed during only a single period, and most of them belonging to the Subcarbonifer- 
ous. The genera are arranged under their family names, without reference to their 
special relationships to one another. The name of every genus which occurs in more 
than one period is repeated in the proper column. If it is not found in the period 
following that of its origin, but is found in a still later period, its absence in the 
intermediate period is indicated by printer's " leaders." All of the genera of the 
Pliocene column still exist ; as do also those there indicated by leaders. Furthermore, 
two or more genera whose names occur in the same horizontal line have no special rela- 
tionship to one another ; that is, it is not here meant that they stand in the relationship 
of ancestor and descendant. 

In viewing this table we are, first of all perhaps, struck with the blankness of the 
Triassic column, only four genera there appearing ; and these furnished the forty species 
which existed in the Triassic waters of Europe. The Permian period is somewhat bet- 
ter supplied with genera, although these included only about half as many species as 
did the three genera of the Triassic. However, the teeth named Dittodus quite cer- 
tainly belong to other genera of Pleuracanthidae. Hence, we see that not more than 
from ten to fifteen genera of.Elasmobranchs are known to have existed during the Per- 
mian period, a meagre number in comparison with the numerous genera of the Subcar- 
boniferous. 

Again, examination of the table shows that, with the exception of Hybodus, no 
genus which existed during the Palaeozoic era continued on into the post-palaeozoic 
times. The status of Hybodus as a Palaeozoic genus is open to some doubt and will be 
considered later. We see, therefore, that whether the Elasmobranchs which had flour- 
ished to such an extent during the Subcarboniferous period had remained around the 
shores of the northern hemisphere during Permian times, but for some reason left only 
scanty remains ; or whether they had been driven to other regions of the globe and 
returned during post-palaeozoic times ; when we find them again, if it is their descend- 
ants which we find, they have meantime become transformed both specifically and gener- 
ically. 
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Table Showing Distribution of the Genera of Fossil Elasmobranchs. 



Devonian. 


Subcarhon. 


Coal-meas. 


Permian. 


Pleuracan- 








[thida 








Dittodusi 


Dittodus 


Dittodus 


Dittodus 


Protodus 


Pleuracanthus 


Pleuracanthus 


Pleuracanthus 


Doliodus 




Orthacanthus 


Orthacanthus 




Chondrenche- 


Diacranodus 


Diacranodus 




[lys 








Thrinacodus 


Compsacan- 

[thus 


Xenacanthus 


Cladodontida 








Cladodus 


Cladodus 


Cladodus 
Symorium 




Phoebodus 


Phcebodus 




Phcebodus* 


Monoclado- 


Hybocladodus 


Styptobasis 


Styptobasis 


[dus 


Lambdodus 

Carcharopsis 2 






Cladosela- 








\chid(B 








Cladoselache 


Cladoselache 






Acanthoes- 








[sidce 








Acanthogssus 3 


Acanthogssus 


Acanthogssus 


Acanthogssus 


Cheiracanthus 




Acanthodopsis 




Ischnacanthus 






Traquaria 


Diplacanthus 








Climatius 








Parexus 


Petalodontidce 








Petalodus 


Petalodus 






Chomatodus 


Chomatodus 






Tanaodus 


Tanaodus 






Polyrhizodus 


Polyrhizodus 






Peltodus 


Peltodus 






Ctenoptychius 


Ctenoptychius 






Callopristodus 


Callopristodus 






Ctenopetalus 


Ctenopetalus 






Janassa 


Janassa 


Janassa 




Antliodus 


Climaxodus 


Thoracodus 




Petalorhyn- 


Cymatodus 






[chus 








Fissodus 


Calopodus 






Lisgodus 


Lisgodus 




Psammodon- 








[tida 








Psammodus 


Psammodus 

Copodus 

Archseobatis 

Cochliodon- 

\tidm 


Psammodus 




Helodus* 


Helodus 


Helodus 






Pleuroplax 


Pleuroplax 






Sandalodus 


Sandalodus 






Platyxystro- 


Platyxystro- 






[dus* 


[dus 






Deltodus 


Deltodus 






Poecilodus 


Poecilodus 






Vaticinodus 


Vaticinodus 






Orthopleuro- 


Orthopleuro- 






[dus 


[dus 






Cochliodus 






Xenodus' 








Venustodus 








Deltodopsis 






(Psephodus 








Streblodus 








Icanodus 6 








Lophodus 







Triassic. 



Jurassic. 



Cretaceous. 



Eocene. 



Miocene. 



Pliocene. 
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Devonian. 


Subcarbon. 


Coal-meas. 


Permian. 


Triassic. 


Jurassic. 


Cretaceous. 


Eocene. 


1 
Miocene. 


Pliocene. 




Cochliodon- 

\tidce. 




















Deltoptychius 
Periplectrodus 

Stenopterodus 




















Orodontida 




















Orodus 
Campodus 
Stemmatias' 
Petrodus ? 
Sphenacan- 

[thus 
Mesodmodus 
Desmiodus 
Leiodus 


Orodus 

Campodus 

Stemmatias 

Petrodus 

Sphenacan- 

[thus 
Styracodus 




Heterodontida 


















Hybodus ? 
Wodnika 


Palseobates 

Hybodus 

Acrodus 

Parhybodus 


Heterodontus 8 

Hybodus 

Acrodus 

Asteracanthus 

Strophodus 


Heterodontus 

Hybodus 

Acrodus 

Asteracanthus 

Strophodus 


Heterodontus 








Acrodus? 














Pala:ospinax 
Orthohybodus 


Synechodus 


Synechodus* 
















Hexanchid(E 




















Hexanchus' 


Hexanchus 


Hexanchus 


Hexanchus 


Hexanchus 












Lamnida 




















Corax 
Sphenodus 10 


Corax 
Carcharias 11 
Isurus" 
Otodus 
Lamna 
Carcharodon 
Scapanorhyn- 
[cus 


Corax 

Carcharias 

Isurus 

Otodus 

Lamna 

Carcharodon 

Alopias 

Cetorhinus 


Corax ? 

Carcharias 

Isurus 

Otodus 

Lamna 

Carcharodon 

Alopias 

Cetorhinus 


Carcharias 
Isurus 

Lamna 
Carcharodon 

Cetorhinus 












Scylliorhinida 




















Palaeoscyllium 
Pristiurus 


Scylliorhinusia 
Mesiteia 

Galeida 


Scylliorhinus 

Mesiteia 

Ginglymos- 

[toma 


Scylliorhinus 


Scylliorhinus 




















Carcharinus 14 
Galeocerdo 
Hemipristis 
Galeorhinus" 


Carcharinus 

Galeocerdo 

Hemipristis 

Galeorhinus 

Sphyrna 

Protogaleus 

Pseudogaleus 


Carcharinus 
Galeocerdo 
Hemipristis 
Galeorhinus 
Sphyrna 


Carcharinus 
Galeocerdo 
Hemipristis 
Galeorhinus 
Sphyrna 














Squalida 




















Squalus 


Scymnorhi- 

[nus 1 


Squalus 
Seymnorhinus 
Echinorhinus 
Centrina 


Squalus 

Seymnorhinus 

Echinorhinus 

Centrina 

Etmopterus 1 ' 


Tamiobatidce 










Squatinida 










Tamiobatis 










Squatina 

Rhinobaiidos 

Rhinobatus 

Belemnobatis 

Asterodermus 


Squatina 
Rhinobatus 


Squatina 
Rhinobatus 


Squatina 
Rhinobatus 


Squatina 
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Devonian. 


Sutcarton. 


Coal-nuas. 


Permian. 


Triassic. 


Jurassic. 


Cretaceous. 


Eocene. 


Miocene. 


Pliocene. 














Rajidm 




















Raja 
Cyclobatis 


Raja 


Raja 
Acanthobatis 


Raja 
Oncobatis 
















Narcobatidce 


















Pristidce 


Narcobatusw 
Narcine 






























Sclerorhyn- 

[chus 


Pristis 

Amblypristis 

Propristis 


Pristis 
















Dasyatidat 


















Myliobatida 


Dasyatis 19 ? 


Dasyatis 
Urolophus 
Xyphotrygon 
Tseniura 


Dasyatis 


Dasyatis 
























Myliobatis? 


Myliobatis ? 
Rhinoptera ? 
Aetobatis ? 
Rhombodus 

Ptychodon- 

[tidce 


Myliobatis 
Rhinoptera 
Aetobatis 
Promyliobatis 


Myliobatis 
Rhinoptera 
AStobatis 


Myliobatis 
Rhinoptera 
Aetobatis 


Ptyctodontida 

Ptyctodus 

Rhynchodus 

Palaeomylus 






Chalcodus ? 




Squalorajida 
Squaloraja 

Myriacan- 

\thida 

Myriacanthus 
Chimserops 

Chimcerida 


Ptychodus 
Hemiptycho- 
[dus 


















Ganodus 
Ischyodus 


Edaphodon 

Ischyodus 

Elasmodus 

Leptomylus 

Elasmodectes 

Bryactinus 

Sphagepoea 

Iso taenia 


Edaphodon 

Vtylognathus 

Elasmodus 


Edaphodon ? 
Chimsera ? 


Chimsera 



Diplodus Ag. ; type of Dittodus Owen 
to be D. divergens Owen = Diplo- 
dus gibbosus Ag. 

Dicrenodus Rom. 

Acanthodes. 

Xystrodus Ag. 

Goniodus Newb. 

Tomodus Davis. 



' Stemmatodus St. J. & W. 
8 Cestracion Cuv. 
* Notidanus Cuv. 

10 Orthacodus A. 8. W. 

11 Odontaspis Ag. 

12 Oxyrhina Ag. 

13 Scyllium Cuv. 

14 Carcharias Raf. 



16 Galeus Cuv. 

16 Scymnus Cuv. 

17 Spinax Cuv. 

18 Torpedo Dum. 
" Trygon Cuv. 

* On the authority of Dr.C. R. Eastman. 
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Furthermore, with the exception of the family Heterodontidae (Cestraciontidae), as 
defined by Mr. Woodward, no family of Elasmobranchs crosses the line dividing the 
Palaeozoic from the post-palaeozoic world. 

It may be profitable to discuss the fate of the various Palaeozoic families of Elas- 
mobranchs, so far as we are able to reach conclusions regarding them from the materials 
at our command. The Pleuracanthidae and the Cladodontidae are so different from all 
other known sharks that they have been made to constitute a distinct order, the Ichthyo- 
tomi. This order represents a distinct offshoot, which extends back as far at least as 
the Devonian. The Pleuracanthidae had their maximum of development in species in the 
Coal-measures; the Cladodontidae during the Subcarboniferous. In the States lying 
along the Mississippi river we find the species of the genus Ciadodus pretty evenly dis- 
tributed throughout the various divisions of the Subcarboniferous rocks, about thirty- 
two species occurring therein to seven in the whole thickness of the Coal-measures of 
the same region. The upper division of the Subcarboniferous, the Chester, alone con- 
tained five species. This shows that the genus was a declining one during the period of 
the Coal-measures. The other genera of the family which existed during the Subcar- 
boniferous period failed to reach the period of the Coal-measures. The structure of the 
Pleuracanthidae is quite well understood ; that of the Cladodontidae much less satisfacto- 
rily ; but from what we do know of the structure and history of the two families, it is very 
improbable that they were the ancestors of any known sharks of the post-palaeozoic 
world. 

The Cladoselachidae is a small family of a single genus and a very few species. They 
are, with respect to their paired fins, very generalized ; with respect to their tails at 
least, they are highly specialized. They are not known to pass beyond the early Sub- 
carboniferous ;* and no related forms are recognized thereafter. 

We have no evidences that the Acanthodii possessed any representatives after the 
Permian period. The order had its maximum of development in the Devonian. The 
typical genus, Acanthoessus, continued on into the Permian, in which Fritsch has 
recently discovered one or two additional genera, containing two species. The members 
of the order differ so much from other Elasmobranchs that their relationships with the 
sharks have been doubted. They almost certainly left no post-palaeozoic descendants. 

Of the numerous genera of the Petalodontidae the only genus that continued on into 
the Permian is Janassa. Here it is associated with Cope's Thoracodus. Hasse has sug- 
gested that Janassa has relationships with our modern rays ; but Jaekel, who has studied 
this genus, concludes that it had nothing to do with the rays. The Petalodontidae were, 
after the time of the Subcarboniferous, a declining group. During this period there 

*Dean, B., 1894, Trans. 2V. 7. Acad. Set, xiii, p. 115. 
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were in existence about ninety species ; during the Coal-measures, fifteen ; during the 
Permian, only five. Thereafter they are not known. 

The Cochliodontidse formed an extensive family, with a dentition which reminds 
one strongly of that of the modern Heterodontus (Cestracion) ; but this dentition was, in 
a way, highly specialized ; and it is quite improbable that it later became simplified into 
the dentition of any post-palaeozoic sharks. Moreover, this family too was a decadent 
one after Subcarboniferous times ; since out of more than one hundred and seventy-five 
species which have been described, only fifteen or fewer belong to the Coal-measures. In 
the Mississippi valley the family had its culmination in the Keokuk and St. Louis 
epochs, the middle of the Subcarboniferous. The whole thickness of the deposits of the 
Coal-measures of the Mississippi valley has furnished only about ten species, about as 
many as are found in the Kinderhook, a formation about two hundred feet thick. It 
may be further observed that not a single known genus of this family came into exist- 
ence during the Coal-measures period. 

This review of families brings us to a group of genera which have been included by 
Mr. A. S. Woodward in the family Cestraciontidae, or as the writer prefers to call it, 
Heterodontidae. This family may, for convenience of discussion, be regarded as consist- 
ing of a group of Palaeozoic, or more specifically Carboniferous, genera and of a group 
of post-palaeozoic genera. The former group, like most of the families which we have 
so far considered, had its maximum of development, both as to genera and species, dur- 
ing the Subcarboniferous. Nearly all the genera too had their origin during Subcarbo- 
niferous times. Of this group Orodus may be taken as the type, being the best known, 
most abundant in species and most widely distributed. As in the case of the other 
genera of this group, all we know about Orodus is derived from its teeth ; and these 
generally occur isolated. It is admitted by authors that these teeth are not greatly 
different from those of Hybodus of post-palaeozoic times. As defined and accepted, how- 
ever, Orodus belongs essentially to the Subcarboniferous period. Of thirty-eight 
described species only one belongs to the Coal-measures, and this to the lower division. 
Of nineteen species described from the rocks along the Mississippi river one belongs to 
the lower Coal-measures, one to the Chester, the uppermost division of the Subcarbonif- 
erous ; the remainder are nearly equally distributed among the other divisions. In Great 
Britain the maximum of development of Orodus is in the lower portion of the Subcar- 
boniferous. Campodus has five species in the Coal-measures, two in the Subcarboniferous. 
Of the five species of Sphenacanthus two belong to the Subcarboniferous, three to the 
lower Coal-measures. On the whole, the Palaeozoic contingent of the Heterodontidae 
was a declining one from the time of the Subcarboniferous period. 

The other members of Mr. Woodward's Cestraciontidae are found principally in the 
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post-palaeozoic deposits, and attained the height of their development during the Juras- 
sic ; although the two principal genera, Hybodus and Acrodus, had their maximum in the 
Triassic. It is not beyond possibility that Hybodus occurs in the Permian, a few teeth 
from that formation having been assigned to the genus. It has indeed been carried back 
by some palaeontologists to the Coal-measures, and into the Subcarboniferous ; but this 
would give to Hybodus a term of existence equaled by no other vertebrate genus, and a 
term quite improbable. Furthermore, no other genus, either Elasmobranchian or of true 
fishes, is known with certainty to have passed from the Palaeozoic to Mesozoic times. If 
Hybodus has done this it holds a unique position. A similar remark may be made 
regarding the family Heterodontidae, as limited by Mr. Woodward. If the Carbonifer- 
ous genera are included in it, the family has come down to our day from the beginning 
of the Subcarboniferous period ; and Rohon describes Rhabdiodus, said to be a Hybo- 
dontid, from the Upper Silurian. No other family of fishes can claim such a history. 
We would have to go to the invertebrates to find a family that has existed so long. The 
assignment of the Palaeozoic genera to the family is based wholly on similarities in the 
teeth ; and this character is confessedly unreliable in sharks living in far removed 
periods of time. Within a few years we have had it announced that in Chlamydoselache 
a living genus of Cladodonts had been discovered ; but the error was soon dispelled. 
Authors differ much in their disposition of the genera here concerned. Dr. Zittel rec- 
ognizes a family Hybodontidae in which are put Hybodus, Cladodus and a number of 
Subcarboniferous genera ; while Orodus, Campodus, Acrodus, etc., are put in the Ces- 
traciontidae. Jaekel would exclude from the latter family Orodus, Campodus, etc. 
Therefore, I do not helieve that we shall lose anything by retaining at least the genera 
of the Carboniferous age in a family with a distinct name, Orodontidae ; and this I have 
done in the table of genera. Some day a fortunate discovery of some member of the 
group will reveal its relationships to modern forms. And I believe that I do not err in 
saying that the discoveries hitherto made of the skeletons of Palaeozoic sharks have 
proved their possessors to have been quite different from modern forms. As proofs of 
this assertion may be mentioned Cladodus,' Cladoselache and Pleuracanthus and its allies. 

However, it would be rash to affirm that the post-palaeozoic Heterodontidae have not 
been derived from some member of the Orodonts. The latter family is apparently the 
least specialized of the ancient groups, and some one of its less differentiated and more 
plastic genera may have furnished the progenitors, not only of the Heterodontidae, but 
possibly of all the modern families of sharks and rays. 

It might be possible, as already suggested, to account for the break in the continuity 
of the genera and families of Elasmobranchs which occurred during the Permian and 
earlier Triassic on the ground that the environment along the shores where deposits were 

A. p. s. — VOL. XX. J. 
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being made was not favorable for their existence ; that consequently they migrated else- 
where ; and that when they returned, so much time had elapsed that they had necessarily 
become transformed beyond recognition. We must, however, keep in mind that the 
Elasmobranchs of the Subcarboniferous period were evidently mostly dwellers in clear 
open seas, that such seas were probably always accessible to such free-swimming animals, 
and that the space of time in question has been spanned by more than one family of the 
higher fishes. The Coelacanthidae are known to have survived from the Devonian to 
the Cretaceous. The Palaeoniscidae likewise began in the Devonian and did not perish 
until in middle Mesozoic times. During the Subcarboniferous period there existed over 
forty species. With each succeeding period the number of species became reduced, but 
the vis viva of the family was such that it penetrated into the Jurassic. In the Permian 
period there existed about thirty known species ; in the Trias, fifteen species. None of 
the genera, however, existed in both Palaeozoic and post-palaeozoic times. 

The Semionotidae furnish another example of a family which lived through the 
transition from Palaeozoic to later times. It began in the Permian in a feeble way, with 
a single genus and some five or six species ; but the stock possessed such vigor that it 
was able to endure until in the Cretaceous. In Triassic times there existed a dozen 
genera and nearly seventy species. The Permian genus Acentrophorus is believed to be 
represented in the Triassic by a single American species ; but the identification is in 
doubt. 

It seems probable, therefore, that the failure of the Palaeozoic families of Elasmo- 
branchs to perpetuate themselves beyond the Permian period was due more to the organi- 
zation of the animals themselves than to any specially unfavorable environment. Their 
vitality seems to have become reduced, and for that reason they perished. This is also 
indicated by the fact that after the Subcarboniferous period very few new genera were 
evolved. Among the Palaeoniscidae, on the contrary, new genera were brought into 
existence with each succeeding period up to near the end of their history. The same 
is true of the Semionotidae, although their course was a briefer one. Among the Elas- 
mobranchs themselves, we find that when, after the middle of the Trias, they entered on 
a new career, the production of new genera went on for a time with energy. Only a 
few appeared in the Trias, many in the Jurassic, a greater number in the -Cretaceous, many 
in the Eocene. Since then that pristine vigor shown in the organization of new genera 
has apparently declined ; and we may consequently regard the Elasmobranchs of to-day as 
a moribund race. The seas of the tropical regions are now the homes of the greater 
number of living forms, and the Tertiary rocks of the tropics have not been thoroughly 
enough explored to enable us to say how the number of the Miocene species compares with 
that of the living species ; but the Miocene sharks and rays of Europe far outnumber 
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those now inhabiting European seas. According to Dr. Gunther's Catalogue of the 
Fishes in the British Museum, Vol. viii, there are now living only seventy-six European 
species. During the Miocene there existed one hundred and thirty-five species in that 
region. In North America the recent species exceed those known from the Miocene ' in 
the ratio of eighty-six to fifty-seven ; but if only those found along our eastern and 
southern coasts are compared with the Miocene species of the same region, the numbers 
are about equal. Doubtless, when our marine Miocene fauna is better known, especially 
that of our western coast, the number of species will be increased. When all the Mio- 
cene species of Europe and America combined are compared with all the living species 
of the same region, we find the numbers to be approximately 155 and 135. No reason 
is apparent why these two great regions should not represent well the state of Elasmo- 
branchian development during Miocene times and that of to-day ; and even if we 
leave out of account the insufficiency of the geological record, it shows that, as regards 
numbers of species, this class has declined. 

The remarkable reduction in the number of genera and species of Elasmobranchs 
during the Permian period finds a parallel in the apparently almost complete extinction 
of the Brachiopoda at the same time. The facts bearing on this subject have been 
obtained from Mr. Charles Schuchert's Synopsis of the Brachiopoda of North America. 
The following table shows the number of genera which are known to have existed at 
each geological age : 

Cambrian 28 Triassic 43 

Ordovician 66 Jurassic 43 

Silurian 75 Cretaceous 31 

Devonian 101 Tertiary 20 

Carboniferous 76 

This table has the appearance of proving that the Brachiopoda culminated during 
the Devonian age, thereafter began to decline, and have continued to diminish gradually 
to the end of the Tertiary ; but if we inquire a little more closely into their chrono- 
logical distribution we shall find that in the Permian deposits there have been found 
only eight genera and eight species, as Schuchert has shown. Therefore, a curve that 
would represent the history of the Brachiopoda would resemble closely that representing 
the history of the Elasmobranchs, except that many phases of the former curve would 
fall about one age earlier than in the case of the latter. 

Concerning the other families of post-palseozoic sharks, I have no remarks to make. 
The group of rays will be briefly considered. The question of their origin assumes 
importance from the discovery of Tamiobatis, described by Dr. C. R. Eastman.* The 

* Amer. Jour. Set., iv, 1897, p. 85. 
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specimen on which the genus rests is supposed to have been derived from the Devonian 
rocks of Kentucky, but may have come from the Subcarboniferous. Dr. Eastman 
regards this fossil as a true ray ; and it certainly possesses many res'emblances to one. 

Morphologically the rays are not greatly different from the sharks. Dr. Jaekel* 
holds that the essential character of the rays is found in the attachment of the pectoral 
fin-supports to the side of the head, all other characters having resulted either from this 
forward extension and anchorage of the fins to the side of the head or from the mode 
of life affected by the rays. He doubts, however, the unity of the group which includes 
the rays, Batoidei of writers. He is inclined to hold that the Dasyatidse (Trygonidse) 
and the Myliobatidae, the two families forming his " Centrobatidae " (Masticura, Gill, 
1872), have sprung from forms like Ptychodus and Strophodus ; and in a recent publica- 
tion,-)- the line is traced back to the Psephodontidse and thence to the Holocephali. The 
other division of the rays, Jaekel's Rhinoraji (Pachyura, Gill, 1872), are supposed to 
have originated from the Spinacidse (Squalidse). The two groups are thus removed far 
apart. I believe, however, that we can say that we have no trustworthy record of the 
Masticura before the Cretaceous, when at least Rhombodus and the Ptychodontidse lived ; 
nor of the Pachyura before the Jurassic, when Rhinobatis, the most primitive of the 
group, first appears to us. 

Now, on the page of this history of the rays, so modern in comparison with the great 
age of the class Elasmobranchii, we are confronted with the proposition that Tamiobalis 
of the Devonian is a true ray. If the divergence of the Batoidei or either division of 
them occurred so near the root of the Elasmobranchian stem as the Devonian, they 
ought to be dignified with the rank of superorder or order, instead of being grudgingly 
given the rank of suborder, as is done by most writers. We must, then, have very 
satisfactory evidence before we can admit Tamiobatis among the Batoidei. I do not 
believe that it has been produced. The three characters relied on by Dr. Eastman, in 
his excellent description, to support his views, are the elongated rostrum, the prominent 
nasal capsules and the antorbital processes, which are supposed to have served to attach 
the pectoral fins to the head. Now, the rostrum is one of the most variable organs in 
presence, form and size, not only among the sharks, but also among the rays. In the 
shark Centrophorus it equals in length the rest of the skull ; in the Myliobatid rays 
it is wholly absent. As regards the antorbital cartilages of Tamiobatis, there are, it 
seems to me, sufficient evidences that they did not support the pectoral fins. In the 
rays these cartilages are articulated to the nasal capsules, and the distal extremity of 
each is directed backward along the inner side of the fin. In Tamiobatis there is ho 

* Die Eocanen Selachier Monte Bolca, 1894, p. 45. 
t Zeitschr. deutsch. Oeolog. Oesellsch., li, 1898, p. 298. 
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indication of any articulation, and the cartilages are directed outward and forward. If 
it is supposed that there was originally an articulation which has become effaced during 
fossilization, we must make the unlikely assumption that the two cartilages have been 
removed from their natural, posteriorly directed position and made to take new posi- 
tions, symmetrical on the two sides. 

The size of the nasal capsules furnishes no certain evidence of the batoid nature of 
this animal. The hammerhead sharks have these larger than any of the rays ; and it 
is not improbable that Tamiobatis had its nasal capsules developed for some such function 
as is subserved by this organ in the modern hammerheads. Tamiobatis must have been 
quite different in many respects from anything now in existence. Dr. Eastman has 
figured two structures which he has identified as the postorbital arches. He states that 
each of these appears to be cut off from the rest of the skull by a small cleft ; but he 
says these clefts have every appearance of being fortuitous. These are alike on the 
two sides, and to me they appear wholly natural and as the indications of articulations. 
As Dr. Eastman suggests, the portions thus cut off do not appear to be metapterygoids ; 
and we are left in the dark as to their real nature. It appears to me not improbable 
that the structures outside the clefts are portions of the palatoquadrate arch, attached 
to the postorbital process, as it is in some modern sharks. At all events it appears that 
we are hardly justified in concluding that the fossil in question, which lived in the 
middle of the Palseozoic era, belongs to a group which, so far as we have any reliable 
evidence, did not come into existence until the Mesozoic era was well advanced. 



